The acetylation and deacetylation of histone and non-histone proteins play a key role in the regulation of gene expression, cell growth, and differentiation and in maintaining cellular homeostasis in the eukaryotic cells. 1 A balance between acetylation and deacetylation of the proteins are brought about by two important classes of histone modifying enzymes, histone acetyltransferases (HATs) and histone deacetylases (HDACs). 1, 2 Among the HAT family, the p300/CBP group of HATs are most widely studied and have been identified as major enzymes that acetylate protein with a range of biological functions. The intrinsic histone acetyltransferase (HAT) activity of p300 plays important roles in the transcriptional coactivation of p53, p73, steroid hormone response, NFkB, the STATS, and GATA. 3, 4 The dysfunction of p300/CBP HAT function has been implicated in several types of cancer, Huntington disease, cardiac hypertrophy, HIV, and inflammatory processes, which makes p300 as a novel target for therapeutics. 5 The HAT activity of p300 is regulated by several mechanisms, which include methylation and autoacetylation. 6-9 p300 HAT domain (p300HD) ( Figure  1a ) gets extensively autoacetylated, which is a highly cooperative process and is intermolecular in nature. 8 The autoacetylation of p300 dramatically enhances its activity 9 and thereby increases the HAT activity dependent signal via the acetylation of histone and non-histone proteins. Recently, the involvement of p300 autoacetylation has been documented in the transcriptional preinitiation complex formation. 10 From a convincing set of experiments, it has been suggested that the autoacetylation induces conformational change in the p300, and thereby it gets dissociated from the preinitiation site and enhances the binding of general transcription factor, TFIID. Although autoacetylation mediated structural alteration of p300 has been realized as one of the key mechanisms of action, the direct evidence for the conformational changes is yet to be demonstrated.
Recently, we have reported the SERS of the full-length p300 and also presented the complete vibrational spectral analysis of it. 11 We have successfully demonstrated the importance and use of the SERS study to understand the protein-small molecule interactions (inhibitors and activators). 12, 13 These studies could have immense therapeutic importance. Here, we report the SERS study of the p300HD and hyperacetylated (autoacetylated) HAT domain in solution. This would be the first demonstration of the autoacetylation-mediated alteration of p300HD conformation, which is highly significant for its function.
To perform SERS of p300HD, it was adsorbed on the silver nanoparticles. The HAT and autoacetylation activities of p300HD incubated with silver nanoparticles were assayed by fluorography. As depicted in Figure 1b , the HAT activity of p300HD adsorbed on the silver nanosurface remained almost the same as compared to that of the mock-incubated enzyme ( Further, to understand the structural details of p300HD in the absence of high-resolution crystal structure, we performed SERS of bacterially purified p300HD (see Supporting Information for protein purification). Figure 2 shows the SERS spectra of HAT domain in the range 400-1800 cm -1 . To confirm the amide band positions, we have performed SERS of the deuterated HAT domain. Upon deuteration of proteins, most of the hydrogen in the amide groups will be replaced by the heavier deuterium. 15 This will increase the reduced mass of the vibrating unit (oscillator), which is inversely proportional to the vibrational frequency. Therefore, one should expect a decrease (red-shift) in the amide vibrations. As expected, we observed a red-shift in amide bands (see Supporting Information). The shifts in the frequency for the amide I and II bands of p300HD were found to be 7 and 5 cm -1 , respectively.
To confirm that the SERS spectrum of the HAT domain is not contaminated with the spectra of the buffer, we have carried out the SERS of the neat buffer solution and the results are presented in Supporting Information. Table 1 shows the SERS band assignments of the HAT domain. Modes have been assigned in comparison to the SERS spectra of the parent protein p300 11 and using the standard amino acids and proteins band assignments. It is evident that the spectrum is dominated by SERS modes of ring-structure amino acids: tryptophan (Trp), tyrosine (Tyr), and phenylalanine (Phe), which are characteristic of SERS of any protein. To investigate the structural changes associated with the fully acetylated p300HD using SERS, we performed autoacetylation reactions (see Supporting Information). The autoacetylation was confirmed by mass spectrometry analysis. It was found that the p300HD got acetylated in all the available 37 sites as compared to recombinant p300HD, which has about 11 sites modified, as verified by mass spectrometry (Figure 3a, I and II) . We have performed SERS of fully autoacetylated p300HD and compared it with normal, partially acetylated HAT domain. This is shown in Figure 3b (I and II) . There is a marked change in the modes pertaining to symmetric stretching of COO -(1369 cm -1 ), amide III (1294 cm -1 ), ν 9a of Phe (1184 cm -1 ), and asymmetric stretching of C R CN (1132 cm -1 ). We observe not only a change in intensity of these modes but also some softening of modes (Figure 3b) . Softening of the modes implies decrease in the Raman shift. 16 This observed softening of modes (∼10 cm -1 ), in fact, signifies bond weakening due to the interaction between various groups upon autoacetylation. Also, it was interesting to observe that some of the modes like 1449 and 1094 cm -1 that pertain to δ(CH 2 ) and proline (Pro) do not show any significant shifts after the autoacetylation. The possible reason for such an observation is that, upon autoacetylation, there could be an increase in hydrogen bonding between groups. This could effect the bond strengths of various groups such as amides but would not effect groups like δ(CH 2 ). Hence, these changes indicate structural reorganization of the HAT domain after the complete autoacetylation. It is to be noted that, unlike conventional Raman spectroscopy, SERS probes vibrational modes of groups that are in close proximity to the metal surface. This would be reflected as intensity changes due to the distance dependent electromagnetic enhancement and the surface selection rules, where the orientation of the molecule on the metal surface determines the enhancement of the vibrational modes. Therefore, all these conditions suffice to make SERS sensitive to probe the structural modifications of macromolecules near the surface of nanoparticles, as in the present case. Furthermore, these data also suggest that the SERS could be used to monitor the structural changes in the other self-modifying proteins like kinases, methyltransferases, and glycosyltransferases. 9 In summary, this report establishes the structure of one of the most important domain of the master regulator p300. Remarkably, for the first time it also establishes that autoacetylation of p300 dramatically alters its structure, which is significantly important for the autoacetylation-mediated regulation of the p300 HAT activity, especially in the regulation of gene expression in humans.
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